Abstract.-In recent years, numbers of Ring-billed Gulls (Larus delawarensis) have increased throughout the Great Lakes while numbers of Herring Gulls (L. argentatus) have remained relatively stable. We hypothesized that greater diet flexibility and fewer conspecific predation events contribute to a higher fledging success, hence greater recruitment rate to the Ring-billed Gull population. To provide insight into this hypothesis, we conducted a comparative study of the two species at one location in one year using standardized data collection procedures. While there was no difference in hatching success between the two species, egg failure in Herring Gull clutches was evenly distributed among A-,, B-and C-eggs, whereas in Ring-billed Gull clutches, C-eggs had the highest failure rate. Chick failure in Ring-billed Gull broods was mostly due to known death or disappearance, principally among C-chicks, and mostly before seven days of age. Chick failure in Herring Gull broods was almost entirely due to their disappearance and A-, B-and C-chicks were lost with equal frequency. As egg and chick loss were independent of lay/hatch order in Herring Gulls, we suspect a higher incidence of conspecific predation than in Ring-billed Gulls where mostly C-eggs and chicks were lost. The diet of Herring Gull chicks was primarily fish whereas Ring-billed Gull chicks received fish and insects in equal proportions. Ring-billed Gull parents fed chicks in 2-chick and 3-chick broods at a significantly higher rate than did Herring Gull parents, particularly during the first 16 days of chick age. Breeding success (chicks fledged per pair) was significantly higher for Ring-billed Gulls. We conclude that the higher feeding rate and greater diet flexibility of Ring-billed Gulls compared to Herring Gulls yielded a higher-per-pair productivity. If the patterns identified in this one-year, single-island study can be generalized, differences in feeding and (suspected) predation may have contributed to the numerical increases of Ring-billed Gulls relative to Herring Gulls noted throughout the Great Lakes.
In recent years, numbers of Herring Gulls (Larus argentatus) have remained relatively constant throughout the Great Lakes while numbers of Ring-billed Gulls (L. delawarensis) have increased dramatically (Ludwig 1974 , Blokpoel 1977 . Blokpoel and Tessier (1991) estimated 283,000 nesting pairs of Ring-billed Gulls on the Canadian lower Great Lakes system in 1990, a five-fold increase since 1976-77. Conversely, numbers of Herring Gulls on the Canadian portions of the lower Great Lakes, Lakes Huron and Superior remained relatively constant at between 37-39,000 pairs over the same period (Blokpoel and Tessier 1991, H. Blokpoel, Canadian Wildlilfe Service, unpubl. data). An increase in the availability of nesting habitat and the successful invasion to the Great Lakes by alewives (Alosa pseudoharengus) are cited by these authors as principal reasons for the increase in Ring-billed Gull populations.
'Student names in alphabetical order.
However, because Herring Gulls also feed on fish and nest at the same colony locations, explanations for the differences in these different population trends remain enigmatic.
The behavior and feeding ecology of Ring-billed and Herring Gull adults suggests at least two primary differences between them. First, although adults of both species attack conspecific chicks that trespass on their nesting territories (eg., Pierotti 1982, Fetterolf 1983), Herring Gulls also cannibalize the chicks of neighbors (Parsons 1971, Schoen and , whereas Ring-billed Gulls do not. Second, fish are the main food item of both species on the Great Lakes (Ludwig 1966 , Allan 1977 . However, Herring Gulls feed almost exclusively on fish (Fox et al. 1990 ), while Ring-billed Gulls forage on a variety of terrestrial and aquatic food items (Jarvis and Southern 1976, Blokpoel and Haymes 1977, Kirkham and Morris 1979) . These behavioral differences may contribute to differences in breeding success and, over several generations, to different population trends.
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During the summer of 1978, we studied the food types fed to chicks and the breeding success of Herring and Ring-billed Gull pairs nesting on South Limestone Island in Georgian Bay, Lake Huron. Our objectives were to compare for the two species: (1) the hatching and fledging success of pairs nesting early in the season, (2) chick survival from 3-egg clutches, and (3) chick diets and chick feeding rates. To ensure the reliability of this comparison, we studied the two species in the same year at the same island location, using the same procedures at the two study sites.
on the head, second-hatched on the throat, and thirdhatched on the rump. The areas were not entered after all study chicks had been marked. Observations of chick feeding were made from the blinds at both study areas. Watches were made every other day during the early morning (0530-0800) and late afternoon (1830-2100) from 29 May to 9 July 1978. Data were collected by continuous scan of the study area and included: (1) the number of regurgitations by either parent at each study brood, (2) the type of food fed, and (3) the number of chicks alive in each study brood. Nonparametric (r x k contingency tables and Mann-Whitney U) statistical tests were used to analyze frequency and categorical data as limited sample sizes normally precluded tests for normality and equality of variances. The fate of eggs that failed to hatch (Table 1) revealed that the distribution of egg loss among the three categories was significantly different (X2 = 12.3, df = 2, P < 0.01) between the two species. The greatest contributor to egg loss from Ringbilled Gull clutches was eggs that disappeared whereas eggs broken/known predated represented the highest loss category for Herring Gulls. The majority of Ringbilled Gull eggs that disappeared were Ceggs (63%) whereas egg disappearance in Herring Gull clutches was proportionate to laying order.
RESULTS
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All eggs hatched in 25 of 39 (64%) 3-egg Ring-billed Gull clutches (Table 2) . Five (13%) 3-egg Ring-billed Gull clutches failed entirely and in the remaining 9 (23%) clutches, only the C-egg failed to hatch. All eggs hatched in 31 of 50 (62%) 3-egg Herring Gull clutches (Table 2) . Seven (14%) 3-egg Herring Gull clutches failed entirely and at least one egg hatched in the other 12 (24%) clutches. In these 12 clutches, there was no significant difference in the failure rate at A-eggs (N = 4, 28.6%), B-eggs (N = 3, 21.4%), and Ceggs (N = 7, 50.0%; x2 = 1.85, df = 2, P > 0.1). When the clutches of both species that failed entirely are removed from the analysis, the disproportionate failure of Ceggs in Ring-billed Gull clutches was just short of the required level of significance (X2 = 3.70, df = 1, 0.1 > P > 0.05; X2crit = 3.84).
Chick Fate, Survivorship and Fledging Success
Fledging success per pair for four clutch categories show that, by all measures, Ringbilled Gull pairs were more successful than Herring Gull pairs (Table 2) . Within each category, the number of pairs that fledged no chicks, and those that fledged either one or two chicks (no pairs fledged three chicks) were compared between the two species. In the first three categories, Ringbilled Gull pairs successfully fledged chicks at a higher rate than Herring Gull pairs (X2 range = 5.3-7.98, df = 1, P's < 0.05). In the fourth category (3 egg clutches hatching all eggs) there was no difference in the success of the two sets of parents (X2 = 1.43, df = 1, P > 0.1).
The pattern of chick loss according to hatch order was determined for 3-egg clutches in which all eggs hatched (25 Ringbilled Gull clutches; 31 Herring Gull clutches). The average age of all chicks that died or disappeared from 3-chick broods was similar for both Ring-billed (11.44 ? 6.95 days, N = 60) and Herring (10.29 + 7.28 days, N = 82) Gulls. However, during the first seven days after hatching, a disproportionate number of Cchicks were lost from Ring-billed Gull compared to Herring Gull broods. A comparison of the loss pattern during this 7-day period showed that Ring-billed Gull C-chicks represented 73.7% (N = 14) of all chicks lost, whereas Herring Gull Cchicks represented 45.9% (N = 17) of dll chicks lost. Loss of C-chicks, compared to loss of A-and B-chicks was significantly different between broods of the two species (X2 = 3.91, df = 1, P < 0.05).
There were also differences in the nature of chick loss. Chicks were known either to have died or disappeared. For all clutch sizes in which at least one egg hatched (Ringbilled Gulls = 38, Herring Gulls = 46), 73 chicks were lost from Ring-billed Gull broods, whereas 106 chicks were lost from Herring Gull broods. Of all Ring-billed Gull chicks lost, 49 (66.7%) died and 24 (33.3%) disappeared; of all Herring Gull chicks lost, 13 (12.2%) died and 93 (87.8%) disappeared. Thus, many more Herring Gull than Ring-billed Gull chicks disappeared. The difference in category of chick loss from broods of the two species was significant (X2 = 57.5, df = 1, P < 0.001).
Food Items Fed to Chicks
The principal food items fed by adults of both species were whole fish (primarily rainbow smelt [Osmerus mordax] and alewife [Alosa pseudoharengusl]), fish pieces, and insects. Food items fed periodically included chick pieces, scavenged (or predated) songbirds, human food waste (Herring Gulls) and earthworms and pieces of vegetation (Ring-billed Gulls).
The proportion of fish (whole and pieces) and insect feedings to chicks during morning and evening observation periods are shown according to chick age (Fig. 1) . Mann-Whitney U tests were used to compare the proportion of whole fish and fish pieces combined, against insects in the total diet. Herring Gull parents fed proportionately more fish than insects in both morning (U = 0, P < 0.001) and evening (U = 0, P < 0.001) periods. Ring-billed Gull parents fed more fish than insects in the morning (U = 3, P = 0.002), but more insects than fish in the evening (U = 5, P = 0.002) periods. A comparison between adults of the two species showed that they fed similar proportions of fish in the mornings (U = 15, P > 0.05); Herring Gulls fed proportionately more fish than Ring-billed Gulls in the evening periods (U = 3, P = 0.002). Ring-billed Gulls fed proportionately more insects than Herring Gulls in both morning (U = 7, P = 0.013) and evening (U = 0, P < 0.001) periods. The food item data show greater consumption of insects by Ring-billed Gulls. Feedings of fish pieces by adults of both species decreased as the chicks aged.
Feeding Rates to Chicks
Feeding rate was determined for the current brood size of each pair during the The feeding rate to broods is shown according to age of the oldest chick in each brood size (Table 3) . The rate of feeding to single chicks was similar for the two species and did not change significantly with chick age (t tests, inequality of variances assumed using Welche's approximation for df, P's > 0.1). Similarly, the rate of feeding to chicks in 2-chick broods did not change with chick age for either species. However, in 2-chick broods, Ring-billed Gull chicks were fed at a significantly higher rate than Herring Gull chicks (0-8 days, t = 4.32, df = 172, 9-16 days, t = 2.75, df = 156; P's < 0.001). Similarly, in 3-chick broods, Ring-billed Gull chicks were fed at a significantly higher rate than Herring Gull chicks in both the 0-8 day old category (t = 3.17, df = 220, P < 0.001) and the 9-16 day old category (t -2.4, df = 101, P < 0.01).
DISCUSSION
No published studies have directly compared aspects of breeding success and diet of Ring-billed and Herring Gulls on the Great Lakes. We chose our study pairs and used standard procedures at the two study sites in an attempt to control for some of the factors known to influence breeding success of larids. These While there was no difference in the hatching success of Ring-billed compared to Herring Gull 3-egg clutches, there were two differences in the patterns of egg failure. First, over half of the Ring-billed Gull eggs that failed to hatch were C-eggs, and in 3-egg clutches where one egg failed, it was always the C-egg. Conversely, egg losses from Herring Gull clutches were independent of laying order as losses were distributed evenly among all three eggs. Second, a larger number of Herring Gull than Ringbilled Gull eggs were known to be broken or predated by conspecifics. Loss of C-eggs is not uncommon among colonial-nesting seabirds as parental care activity shifts from incubation to brooding while the Cegg is yet unhatched. However, egg loss that was independent of hatch order, and the greater frequency of broken eggs in Herring Gull compared to Ring-billed Gull clutches, suggest that more eggs may have failed in Herring Gull clutches as a consequence of egg predation. Although this suggestion is consistent with reports that Herring Gulls prey upon eggs of neighbors (Teeple 1977, Schoen and Morris 1983) whereas Ring-billed Gulls rarely do so (P. Fetterolf pers. comm., pers. observ.), we are cautious about the conclusion. As in all avian studies, and particularly those with ground-nesting, colonial waterbirds, eggs that disappear without a trace permit no definitive conclusion about cause. In our study, the proportion of disappeared and broken/predated eggs as a total of all egg failures was similar for the two species (Ring-billed Gulls, 81%; Herring Gulls, 77%); accordingly, a firm conclusion about differential egg cannibalism is problematic.
Herring Gull pairs were less successful than Ring-billed Gulls at raising young to fledging age and the loss of Herring Gull chicks was independent of hatch order. Care of chicks involves both protection against potentially cannibalistic neighbors (common among large Larus gulls) and the adequate provision of food. As the risks to chicks of distant foraging (Yom-Tov 1974) or the frequent absence by both parents (Morris and Chardine 1990) are considerable, parental care of chicks is most efficient when one parent remains with the brood while the other forages (Morris 1987) . Food sources within short foraging distances from the colony may further prevent chick loss, especially in Herring Gulls with potentially cannibalistic neighbors. For example, Hunt (1972) reported greater chick loss at Herring Gull colonies distant from a food source. While he related the difference to cannibalistic predation that occurred in the longer absence of parents at these locations, chicks may simply have been killed at a distance from the home brood as they wandered away seeking food from adjacent adults. Regardless of mechanism of loss, data from our study showed a clear difference in the proportion of chicks Fox et al. (1990) showed that at some colonies, the sexes differ in preferred food type. Individual Herring Gulls at a colony near Port Colborne on Lake Erie were consistent in the direction, distance, and location of foraging flights during the breeding season even though local and abundant food sources were available much closer to the colony (Morris and Black 1980). On Walney Island in the United Kingdom, individual incubating Herring Gulls specialized on a small percentage of available food types (McCleary and Sibly 1986). In addition to specialized foraging locations, Herring Gull diets during the breeding season appear to be largely restricted to fish. At 25 colonies on the Great Lakes, fish were the predominant food item in Herring Gull diets, with alewife and rainbow smelt comprising 80% of the fish component (Fox et al. 1990 ). Vermeer (1973) found that fish comprised 94% of food items found in regurgitated pellets and suggested that the breeding range of Herring Gulls in western portions of central Canada was restricted to large northern lakes due to heavy reliance on fish as a food source. In the closely related Western Gull (L. occidentalis), fish in the diet is particularly important when chicks are being fed and dietary switching from garbage to fish after hatching contributes to chick survival (Annett and Pierotti 1989).
In contrast, Ring-billed Gulls are more generalized and opportunistic, taking a variety of both aquatic and terrestrial food items as these become available (Blokpoel  and Haymes Such disturbance can cause mobile chicks to scatter widely from their natal territory, and so be lost to the study sample. Indeed, some may not return because they are adopted elsewhere and Fetterolf (1983) suggested that one measure of the degree of investigator disturbance was the frequency of chick adoption. At least by this measure, our disturbance in both colonies was minimal. While chicks were not individually color banded, our daily observations of study broods, and familiarity with the stage of each brood revealed only one adoption among 44 Ring-billed Gull broods, and none among the 53 Herring Gull broods. Thus, we do not believe that the low productivity recorded on South Limestone Island in 1978 was caused by our presence there. Second, differences in chick loss patterns and feeding rates between the species suggest that parents of both species were likely food-stressed. Changes in numbers of Herring Gull colonies on the east coast of North America over the past several decades have been linked to changes in the total landings of commercial fish from the inshore fishery (Nisbet 1978) . In areas where the fishery has declined, Herring Gull numbers have also declined; gull numbers have remained stable or increased where the total fish landings have been maintained. On Georgian Bay, commercial fishing within a 50 km radius of South Limestone Island has decreased from an active fishery at the turn of the century to no fishery in 1990 (Ministry of Natural Resources, Parry Sound, unpubl. records). With the decline in commercial fishing effort, fish offal, an accessible food for foraging gulls of both species, has also declined. We noted earlier that chick loss from Herring Gull broods was independent of hatch order and that fish comprise a major portion of food fed to chicks. Food shortages for foraging adults would have kept both parents away for extended periods, exposing chicks to predation by neighbors either at the nest site, or away from it as hungry chicks wandered and were killed (cf. Pierotti and Murphy 1987) . Similarly, while less food-stressed because of a more flexible diet, the disproportionate loss of C-chicks from broods of peak-nesting Ringbilled Gull adults is also at least partly consistent with food shortage as a causative factor. Last-hatched chicks, disadvantaged by inadequate food delivery by parents, or by competitive loss to older siblings, would be expected to experience greater rates of death or disappearance than their older brood mates (Morris et al. 1991) .
In summary, while both species may have been food-stressed on South Limestone Island in 1978, our results demonstrate a significant difference in the average production of young per pair by Ring-billed and Herring Gulls. If these results can be generalized beyond one colony in one year, then a greater flexibility of diet and the higher feeding rate that results, have likely contributed to the substantial increases in numbers of Ring-billed Gulls throughout the Great Lakes system. 
